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,QWURGXFWLRQ
,QWHUQDOFRPEXVWLRQHQJLQHVKDYHEHHQDPDMRUVRXUFHIRUSRZHUJHQHUDWLRQZRUOGZLGHRYHUPDQ\GHFDGHV7KH
XWLOLW\RIHQJLQHVSRZHULQJWKHJHQHUDWRUVHWVJHQVHWVKDVEHHQDWUHPHQGRXVEHQHILWWRVRFLHW\EXWDWWKHFRVWRI
GHJUDGDWLRQWRHQYLURQPHQWSULPDULO\GXHWRKDUPIXOHPLVVLRQV,QWKLVFRQWH[WWRPLWLJDWHWKHFOLPDWHFKDQJHDQGWR
UHGXFH GHSHQGHQF\ RQ IRVVLO IXHOV PDMRU UHVHDUFK LV IRFXVHG RQ L LPSURYLQJ WKH H[LVWLQJ HQJLQH GHVLJQ LL
LPSURYLQJ WKH FRPEXVWLRQ SURFHVV LLL DIWHU WUHDWPHQW RI H[KDXVW JDVHV DQG LY DGRSWLRQ RI UHQHZDEOH IXHOV
3URGXFHUJDV3*LVRQHVXFKUHQHZDEOHDQGHFRIULHQGO\IXHO>@KDYLQJDSRWHQWLDOWRPHHWWKHWZLQUHTXLUHPHQW
RI LPSURYLQJ WKH LQF\OLQGHUFRPEXVWLRQSURFHVVDQGDOVRDQDELOLW\ WRXQGHUJRDFOHDQHUFRPEXVWLRQ UHVXOWLQJ LQ
ORZHUHPLVVLRQOHYHOV
1.1. Producer gas and its utility for power generation  
3UHVHQWZRUNLVDGGUHVVHGLQDWKHUPRFKHPLFDOHQHUJ\FRQYHUVLRQYLHZSRLQWZKHUHWKHELRPDVVLVFRQVLGHUHG
WRXQGHUJRDJDVLILFDWLRQSURFHVV DLUDVJDVLILFDWLRQDJHQW LQDUHDFWRUXQLWFDOOHGJDVLILHUJLYLQJULVH WRDPXOWL
FRPSRQHQWIXHOFDOOHG3URGXFHUJDV3*LVDPL[WXUHRIWKUHHFRPEXVWLEOHVDQGWZRQRQFRPEXVWLEOHJDVHVQDPHO\
K\GURJHQPHWKDQHFDUERQPRQR[LGHDQGFDUERQGLR[LGHQLWURJHQUHVSHFWLYHO\>@7KHFRPSRVLWLRQDQGFDORULILF
YDOXHRI3*YDULHVZLGHO\GHSHQGLQJXSRQWKHW\SHRIIHHGVWRFNXVHGDQGJDVLILHUGHVLJQ>@
3*GHULYHG IURP ELRPDVV JDVLILFDWLRQ SURFHVV LV H[WHQVLYHO\ XVHG IRU SRZHU JHQHUDWLRQ DSSOLFDWLRQ 7KH WRWDO
LQVWDOOHGELRPDVVSRZHUFDSDFLW\ LQ,QGLDDVRQLVRI0:WRWDOUHVHUYH>@$VSHU(QHUJ\
$OWHUQDWLYHV,QGLD($,HVWLPDWHVVXJJHVWWKDW,QGLDKDVDSRWHQWLDOWRJHQHUDWH0:IURPFURSZDVWHDORQH
)HZVWXGLHVLQGLFDWHWKDWWRRIJOREDOHQHUJ\XWLOL]DWLRQFRXOGFRPHIURPELRPDVVE\>@$PRQJWKH
UHDFWRUXQLWVGRZQGUDIWJDVLILHUVDUHPRVWVXLWDEOHIRUHQJLQHDSSOLFDWLRQGXHWRWKHLUDELOLW\WREUHDNGRZQKLJKHU
K\GURFDUERQVOLNHWDU>@
)RUFRPPHUFLDOXWLOLW\VPDOOSRZHUOHYHOJDVROLQHSRZHUHGJHQVHWVDUHFRPPRQO\XVHGLQ,QGLD3XUVXLQJ3*DV
DSRWHQWLDOFDQGLGDWHRYHU*DVROLQHIXHOWKHSUHVHQWVWXG\ZDVPRWLYDWHGWRVWXG\DQGWREULQJRXWWKHLQF\OLQGHU
DVSHFWVRIERWKIXHOVIRUWHFKQRORJLFDOGHYHORSPHQW6LQFHELRPDVVJDVLILFDWLRQGHULYHG3*LVVXVFHSWLEOHWRYDU\LQ
FRPSRVLWLRQ >@ DXWKRUVKDYHFRQVLGHUHGD IL[HG VHWRI3*FRPSRVLWLRQ ERWWOHGJDV$FFRUGLQJ WR OLWHUDWXUH6,
HQJLQHVKDYHDWHQGHQF\WRXQGHUJRLQVWDELOLWLHVLQFRPEXVWLRQSURFHVVDQGFDQFDXVHWRUTXHIOXFWXDWLRQV>@)RUD
IXHO OLNH 3* VLJQLILFDQW LQVWDELOLWLHV LQ FRPEXVWLRQ FDQ EH H[SHFWHG DQG WKHUHIRUH RSWLPDO VSDUN WLPH LV WR EH
VHOHFWHG
0DWHULDODQGLWVSURSHUWLHV
7RVWXG\WKHHQJLQHSHUIRUPDQFHLQWKHSUHVHQWZRUNDIL[HGVHWRIFDOLEUDWHGSURGXFHUJDVFRPSRVLWLRQRI+
 &2  &+  &2  DQG 1  RQ YROXPH EDVLV ZDV FRQVLGHUHG DQG WKH FDOFXODWHG
FRPEXVWLRQ SURSHUWLHV DUH OLVWHG LQ 7DEOH  6SDUN ,JQLWLRQ 6, HQJLQHZDV RSHUDWHGZLWK WZR IXHOV QDPHO\ L
3URGXFHUJDVDQGLL*DVROLQH

7DEOH&RPEXVWLRQSURSHUWLHV
3URSHUWLHV 3URGXFHUJDV *DVROLQH>@ 1DWXUDO*DV>@
&KHPLFDOIRUPXOD +&+&2DQG,QHUWV &+ &+
/RZHUKHDWLQJYDOXH0-NJ   
$)VWRLFKLRPHWU\NJNJ   
0L[WXUHKHDWLQJYDOXH0-NJ   
)ODPHVSHHGPVHFDWSKL    

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([SHULPHQWDOVHWXSDQGPHWKRGRORJ\
2ZLQJWRKLJKHURFWDQHQXPEHURI3*IXHODKLJKHU&RPSUHVVLRQ5DWLR&5VLQJOHF\OLQGHUIRXUVWURNHGLHVHO
HQJLQHPRGLILHG WR VSDUN LJQLWLRQPRGHZDV FRQVLGHUHG DQGKDG DQRIIVHW WRURLGDO VKDSHSLVWRQ7KH HQJLQHZDV
RSHUDWHGZLWK&5DWDFRQVWDQWVSHHGRIUSPE\DGDSWLQJDQHOHFWURQLFJRYHUQRURI:RRGZDUGPDNH$Q
HGG\FXUUHQWG\QDPRPHWHURI3RZHUPDJPDNHZDVFRXSOHGWRDQHQJLQHDQGDVWUDLQJDXJHEDVHGORDGFHOOV\VWHP
ZDVLQSODFHIRUPHDVXULQJWKHORDGRQHQJLQH7KHVSHFLILFDWLRQVRIHQJLQHDUHVHWRXWLQ7DEOH
7DEOH(QJLQHVSHFLILFDWLRQV
3DUDPHWHUV 6SHFLILFDWLRQV
(QJLQHPDNH0RGHO *UHDYHV&RWWRQ/WG0RGHO
(QJLQHW\SH
%RUHîVWURNH
6WURNHVLQJOHF\OLQGHUDLUFRROHG
îPP
'LVSODFHPHQWYROXPH OLWUHV
3RZHURXWSXWLQ6,PRGHZLWK&5  N:DWUSPIRU*DVROLQH
7KHF\OLQGHUKHDGZDVHTXLSSHGZLWKDIOXVKPRXQWHGXQFRROHG.LVWOHUPDNH&$SLH]RHOHFWULFSUHVVXUH
WUDQVGXFHUDORQJZLWKEXLOWLQFKDUJHDPSOLILHU3LVWRQSRVLWLRQZDVPHDVXUHGE\DFUDQNDQJOHHQFRGHURI.XHEOHU
PDNHZLWKRQHGHJUHHFUDQNDQJOHUHVROXWLRQ%DVHGRQDEVROXWHPDQLIROGSUHVVXUHDSUHVVXUH
SHJJLQJZDVFDUULHGRXWWRFRQYHUWGLIIHUHQWLDOWRDEVROXWHPRGHSUHVVXUHVLJQDOV&\OLQGHUJDVSUHVVXUHDQGFUDQN
DQJOHVLJQDOVZHUHDFTXLUHGDW0+]DFTXLVLWLRQIUHTXHQF\WKURXJKDKLJKVSHHGGDWDDFTXLVLWLRQXQLW6$0;(
0&8 7KH H[SHULPHQWDO VHWXS LV VKRZQ LQ )LJXUH  DQG D FXVWRPL]HG 3*DLUPL[HUZDV LQVWDOOHG LQ LQGXFWLRQ
V\VWHPDVVKRZQLQ)LJXUH
7KH LQF\OLQGHU SUHVVXUH WUDFHV DQG WKHLU GHULYHG SDUDPHWHUV SUHVHQWHG LQ WKLV SDSHU DUH RI HQVHPEOH DYHUDJH
YDOXHVRIFRQVHFXWLYHF\FOHV$OOHQJLQHH[SHULPHQWVZHUHSHUIRUPHGFORVHWRVWRLFKLRPHWU\FRQGLWLRQ*DVROLQH
FDUEXUHWRUZDVVHWWRRSHUDWHZLWKIDFWRU\VHWWLQJVLWVHOI$EVROXWHRXWSXWYDOXHVUDQJLQJIURPWRIXOOORDGZDV
FRQVLGHUHGIRUFRPSDUDWLYHVWXGLHVRIERWKIXHOVIRUIUXLWIXOGLVFXVVLRQV
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
)LJ3URGXFHUJDVH[SHULPHQWDOVHWXS)LJ3*DLUPL[HU
5HVXOWDQGGLVFXVVLRQ
4.1. Optimal spark time for Producer gas and Gasoline 
0D[LPXP%UDNH7RUTXH0%7 WLPLQJ LVDQRSWLPDOVSDUN WLPHDWZKLFKDQHQJLQHGHOLYHUVPD[LPXPWRUTXH
DQG GHSHQGHQW RQ LWV RSHUDWLQJ FRQGLWLRQV ,Q WKH SUHVHQW ZRUN 0%7 WLPLQJ RI  DQG  &$ %7'& ZDV
GHWHUPLQHGDWIXOOORDGIRU3*DQG*DVROLQHE\IROORZLQJDVSDUNVZHHSWHVW7KHWHVWULJZDVHTXLSSHGZLWKDQ
3*UHVHUYRLU
3*ERWWOH
(QJLQH
3*DLUPL[HU
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)LJ2FFXUUHQFHRISHDNSUHVVXUHFUDQNDQJOH)LJ3RZHU7RUTXHORVVHVWLPDWLRQIRU3*
&RLO2Q3OXJ&23 ,JQLWLRQV\VWHPZKLFKZDVHQDEOHGE\FRPSXWHUFRQWURO WRIDFLOLWDWHRQOLQHFKDQJH LQVSDUN
WLPLQJ)LJXUHVKRZVRFFXUUHQFHRIPD[LPXPJDVSUHVVXUHDQJOHV$IWHU7RS'HDG&HQWHU$7'&DWHDFKORDG
SRLQWZLWKLQ0%7SKDVLQJZLQGRZ>@H[FHSWDWIXOOORDGIRU*DVROLQH
4.2. Derating of PG fuel 
7KH SRZHU RXWSXW RI DQ HQJLQH LV QRUPDOO\ LQIOXHQFHG E\ KHDWLQJ YDOXH RI WKH IXHO )URP 7DEOH  LW LV
REVHUYHGWKDW3*KDVWLPHVOHVVHUHQHUJ\FRQWHQWWKDQ*DVROLQHDQGWLPHVOHVVHUFRPSDUHGWR1*)XUWKHU
DW D JLYHQ LQVWDQW D VPDOO LQFUHDVH LQ FRQFHQWUDWLRQ RI K\GURJHQ RU PHWKDQH FRPSRVLWLRQ LQ 3* PDNHV DOO WKH
GLIIHUHQFH LQ PL[WXUH KHDWLQJ YDOXH %DVHG RQ FRPSXWDWLRQDO VWXGLHV ZLWK 3* LW LV UHSRUWHG WKDW IRU HYHU\ 
UHGXFWLRQ LQ+RU&2FRPSRVLWLRQ WKH ODPLQDU IODPHVSHHGFDQJHW UHGXFHGE\>@DQG WKHUHIRUHZRUNLQJ
ZLWK3*LVFKDOOHQJLQJHVSHFLDOO\ZLWKYDU\LQJWUHQGRI3*FRPSRVLWLRQXVXDOO\HQFRXQWHUHGDWRQVLWHJDVLILHUHQJLQH
V\VWHP5HIHUULQJWR)LJXUH3*VXSSRUWHGDSHDNORDGRIEH\RQGZKLFKDORDGWKURXJKRIIRUVLJQLILFDQW
GURS LQ USPZDVREVHUYHG7KH FRUUHVSRQGLQJSHDNSUHVVXUHRI3*ZDVEDUZLWK DSRZHU ORVVRI
DJDLQVW UDWHG *DVROLQH RXWSXW 7KLV GHUDWLQJ RI SRZHU RXWSXW PD\ EH DWWULEXWHG WR UHGXFWLRQ RI   ORZHU
PL[WXUH KHDWLQJ YDOXH RI 3* DV VKRZQ LQ 7DEOH  DQG ORZHU YROXPHWULF HIILFLHQFLHV LQ JHQHUDO DVVRFLDWHG ZLWK
JDVHRXVIXHOVOLNH3*
4.3. Analysis of heat release pattern 
$FRQYHUVLRQRIVXSSOLHGFKHPLFDOHQHUJ\WRXVHIXOVKDIWZRUNLVPHDVXUHGE\%UDNH7KHUPDO(IILFLHQF\%7(
,QHQJLQHFRQWH[WWKHVWXG\RIHQHUJ\FRQYHUVLRQLVLQWHUHVWLQJGXHWRWKHWUDQVLHQWHQJLQHRSHUDWLRQFRXSOHGZLWK
FRPSOH[FRPEXVWLRQSURFHVVLQYROYHGZLWKLQFRPEXVWLRQFKDPEHU)URP)LJXUHLW LVHYLGHQWWKDWDIWHURI
3*HQJLQHORDGLQJDQHIIHFWLYHXWLOL]DWLRQRIHQHUJ\VXSSOLHGZDVQRWLFHGLQFDVHRI3*RYHU*DVROLQHRSHUDWLRQ
+RZHYHU)LJXUHVKRZVEHWWHUEUDNHSRZHURXWSXWIRU*DVROLQHGXHWRLWVRSHUDWLRQZLWKKLJKHUPL[WXUHVWUHQJWKDV
GHSLFWHGLQ7DEOH,QWKHOLJKWRIWKLVGLVFXVVLRQDFRPSDULVRQEHWZHHQ%7()LJXUHDQGWRUTXHWUHQGVXJJHVWVD
QHHGWRDQDO\]HWKHQDWXUHRIKHDWUHOHDVHLQYROYHGZLWKUHVSHFWLYHIXHOV)LJXUHVKRZV0DVV)UDFWLRQ%XUQW0)%
FXUYHV D E F SHUWDLQLQJ WR 3* DQG*DVROLQH HQJLQH RSHUDWLRQ DW   DQG IXOO ORDG0)% DQDO\VLV IRU
*DVROLQHVKRZVDFRPEXVWLRQGXUDWLRQRIDQG&$WRUHOHDVHDQGRIKHDW UHOHDVH IRU IXOO ORDG
UHVSHFWLYHO\:KLOH3*RSHUDWLRQWDNHVDQG&$WRUHOHDVHDQGRIKHDWHQHUJ\DWIXOO ORDG7KLV
LQGLFDWHVDVOXJJLVKEHKDYLRUDPRXQWLQJWRDQDGGLWLRQDO&$FRPEXVWLRQGXUDWLRQIRU*DVROLQH
7KHUHDVRQIRUUHGXFHGKHDWUHOHDVHSDWWHUQIRUERWKWKHIXHOVFRPSDUDWLYHO\PD\EHDWWULEXWHGWRXQV\PPHWULFDO
ODWHYDOYHRYHUODSRISUHVHQWHQJLQHOHDGLQJWRLQWHUQDOH[KDXVWJDVUHFLUFXODWLRQFDXVLQJKLJKHUOHYHOGLOXWLRQRIWKH
FKDUJH7KHUHIRUH WKH0)%FXUYHV H[SHULHQFH D ORZHU VORSHYDOXHV DURXQG0)%DQGSURJUHVVHV WKHUHDIWHU
OLQHDUO\DVVKRZQLQ)LJXUHDEF+RZHYHU3*RSHUDWLRQKDVEHWWHUKHDWUHOHDVHWUHQGRYHU*DVROLQHZLWKDKLJKHU
VORSH LQGLFDWLQJDKLJKHUUDWHRIFRPEXVWLRQUHDFWLRQVSHHGDVFRPSDUH WR*DVROLQH7KLVPD\EHDWWULEXWHG WR WKH
SUHVHQFHRIKLJKO\FRPEXVWLEOHJDVHV+DQG&+ZKLFKDUHNQRZQWRVLJQLILFDQWO\DFFHOHUDWHFRPEXVWLRQSURFHVV
RZLQJWRWKHLUKLJKHUOHYHORIODPLQDUIODPHVSHHGV+WRPV	&+WRPV>@DQGORZHU
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LJQLWLRQHQHUJ\RIP-IRU+LQGLFDWLQJDQDELOLW\WRXQGHUJRTXLFNFRPEXVWLRQUHDFWLRQDQG&+ZLWKP-
>@
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)LJ9DULDWLRQRIEUDNHWKHUPDOHIILFLHQF\)LJD0)%FXUYHVDWORDG
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
)LJE0)%FXUYHVDWORDG)LJF0)%FXUYHVDWIXOOORDG
4.4. Analysis of fuel energy consumption 
$SDUDPHWHURIJUHDWLQWHUHVWZKLOHLQYHVWLJDWLQJHQJLQHSHUIRUPDQFHLV%UDNH6SHFLILF)XHO&RQVXPSWLRQ%6)&
7KLVSDUDPHWHULVDPHDVXUHRIHIILFLHQWXVDJHRIIXHOWRSURGXFHXQLWSRZHURXWSXWSHUKRXU(YHU\HQJLQHGHVLJQHU
RU GHYHORSHU ORQJV WR NHHS 6)& DV ORZ DV SRVVLEOH IRU IXHO HFRQRP\ UHDVRQ )LJXUH  VKRZV D VLJQLILFDQW JDS
EHWZHHQWKHWZRIXHOV7KHSULPDU\UHDVRQEHKLQGVXFKJDSLVEHFDXVHRIYDVWGLIIHUHQFHVLQ$)PDVVUDWLRVRIIXHOV
LQYROYHG 7DEOH  VKRZV VWRLFKLRPHWU\ UHTXLUHPHQW RI $) PDVV UDWLRV RI  DQG  IRU 3* DQG *DVROLQH
FRPEXVWLRQ LQGLFDWLQJDUHTXLUHPHQWRIKLJKHUTXDQWLW\RI3*IXHOFRQVXPSWLRQWRGHYHORSSRZHURQFRPSDUDEOH
EDVLV)XUWKHUGXH WRVXFKKXJHGLIIHUHQFHVLQ$)PDVVUDWLRVDQGQRQDYDLODELOLW\RIFRPPHUFLDO3*FDUEXUHWRU
DXWKRUVGHVLJQHGDQGGHYHORSHGDFXVWRPL]HG3*DLUPL[HUDVVKRZQLQ)LJXUH0RUHGHWDLOVRQLQGXFWLRQV\VWHP
DQG3*DLUPL[HUFDQEHIRXQGHOVHZKHUH>@
%DVHGRQ)LJXUHIRUDQLQVWDQWLWDSSHDUVWKDWWKHLQYHVWPHQWLQDGRSWLQJD3*HQJLQHLVQRWWKDWHFRQRPLFDOGXH
WRKLJKHUPDJQLWXGHRI%6)&+RZHYHUWKLVSHUFHSWLRQLVQRWWUXH3*SURGXFHGWKURXJKELRPDVVEDVHGIHHGVWRFN
LVQRWH[SHQVLYH)RUDFRXQWU\OLNH,QGLDGRPLQDWHGE\DJULFXOWXUDOODQGELRPDVVJDVLILFDWLRQLVLGHDOO\VXLWHGDQG
HFRQRPLFDO%DVHGRQSDVWH[SHULHQFHDQGVWXGLHVDW&RPEXVWLRQ*DVLILFDWLRQ3URSXOVLRQ/DERUDWRU\&*3/DW,,6F
DELRPDVVZRRGWRHOHFWULFLW\HIILFLHQF\XQGHUQDWXUDOO\DVSLUDWHGPRGHDQGPRGLILHG6,HQJLQHIURPGLHVHOEDVH
IUDPHZDVWRNJN:KUZLWK&5¶VWR>@
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7RGHPRQVWUDWHLQ,QGLDQFRQWH[WFRQVLGHULQJFDVXDULQDZRRGELRPDVVDYDLODEOHDWൟSHUNJORFDWLRQVSHFLILF
DQG*DVROLQHൟSHU OLWHU VXEMHFWHG WRPDUNHWSULFH:LWKD%6)&RINJN:KU*DVROLQHDW IXOO ORDGDV
VKRZQLQ)LJXUHDPRXQWVWROLWHUVDQGFRVWൟWRSURGXFHXQLWSRZHURXWSXWSHUKRXU%6)&RI*DVROLQH
LVVOLJKWO\RQKLJKHUVLGHLQSUHVHQWZRUNEHFDXVHRIIXHOULFKHQJLQHRSHUDWLRQRZLQJWRIDFWRU\VHWWLQJVRI*DVROLQH
FDUEXUHWRU:KHUHDV3*ZLWKNJJDVN:KUDWIXOOORDGDPRXQWVWRNJELRPDVVN:KUDQGFRVWVൟ
IRUSURGXFLQJXQLWSRZHURXWSXWSHUKRXU7KHGLIIHUHQFH LQ6)&¶VEHWZHHQSXEOLVKHGZRUN>@DQGSUHVHQWZRUN
PD\EHDWWULEXWHGWRUHGXFHGFRQFHQWUDWLRQRI+&+DQG&2LQERWWOHG3*VLJQLI\LQJD
WHQGHQF\IRUKLJKHUFRQVXPSWLRQRIERWWOHGJDVWRVXSSRUWIXOOORDGRIUDWHGORDG7KH%6)&RINJ
ELRPDVV N:KU WUDQVODWHV WR D VDYLQJ RI  DV FRPSDUHG WR*DVROLQH IXHOHG HQJLQH RSHUDWLRQ )XUWKHUPRUH
IURP)LJXUHWKH%UDNH6SHFLILF(QHUJ\&RQVXPSWLRQ%6(&IRU3*LVVOLJKWO\PLQLPXPDIWHUHQJLQHORDG
DVFRPSDUHGWR*DVROLQHRSHUDWLRQ6XJJHVWLQJDQHQHUJ\UHFRYHU\RIDWORDGDQGDWIXOOORDG
UHVSHFWLYHO\ IRU 3* HQJLQH RSHUDWLRQ RYHU *DVROLQH RSHUDWLRQ ,W DSSHDUV PDUJLQDO KRZHYHU D WHFKQRORJLFDO
GHYHORSPHQW OHDGLQJWRDGHGLFDWHG3*HQJLQHGHULYHGIURPZHOOHVWDEOLVKHGPDWXUHGJDVHQJLQHPD\\LHOGEHWWHU
RXWFRPHVLQRSWLPXPXVDJHRIIXHOHQHUJ\
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










)LJ9DULDWLRQRI%6)&)LJ9DULDWLRQRI%6(&
&RQFOXVLRQ
7KLVSDSHUKDVDGGUHVVHGWKHSHUIRUPDQFHDQGLQF\OLQGHUDQDO\VLVRIDIRXUVWURNHPRGLILHGVSDUNLJQLWLRQHQJLQH
IXHOHGZLWKERWWOHG3URGXFHUJDVDQG*DVROLQHIXHO0%7WLPLQJVIRUERWK3*DQG*DVROLQHIXHOVZHUHHVWDEOLVKHG
E\IROORZLQJDVSDUNVZHHSWHVWDWHDFKORDGSRLQW$SRZHUORVVRIZLWK3*DJDLQVWUDWHGORDGRI*DVROLQH
ZDV REVHUYHG GXH WR  ORZHUPL[WXUH FDORULILF YDOXH RI 3* DJDLQVW*DVROLQH ,WZDV REVHUYHG WKDW VPDOO
FRQFHQWUDWLRQ RI K\GURJHQ DQG PHWKDQH LQ 3* FDQ SRWHQWLDOO\ LQIOXHQFH WKH FRPEXVWLRQ SURFHVV GXH WR WKHLU
FRPEXVWLRQSURSHUWLHV IODPHVSHHGVFDORULILFYDOXHDGLDEDWLF IODPH WHPSHUDWXUHHWFDQG WKHUHIRUHDEHWWHUKHDW
UHOHDVHSDWWHUQZDVREVHUYHGDJDLQVW*DVROLQH7KLVVWXG\DOVRVWUHVVHGWKHQHHGIRUFXVWRPL]HG3*DLUPL[HUGXHWR
YDVWGLIIHUHQFHVLQ$)UDWLRVRIERWKIXHOVDQGWKHUHIRUH3*FRQVXPSWLRQZDVRQKLJKHUVLGHZKHQRSHUDWHGDW
RIUDWHGORDG6WXG\KDVDOVRGHPRQVWUDWHGDQHFRQRPLFDOEHQHILW%6)&RIDSSUR[LPDWHO\DVVRFLDWHGZLWK
3*HQJLQHRSHUDWLRQDJDLQVW*DVROLQHHQJLQHV$QDO\VLVRQ3*EDVHG%6(&UHYHDOHGDVFRSHRIHQHUJ\UHFRYHU\WR
WKHWXQHRIDSSUR[LPDWHO\DERYHORDG(PLVVLRQDQDO\VLVDQGVWXGLHVZLWKRWKHUFRQYHQWLRQDOIXHOVIRUPD
SDUWRIIXWXUHZRUN

$FNQRZOHGJHPHQWV
$XWKRUVZRXOGOLNHWRWKDQN'67	%,763LODQL..%LUOD*RD&DPSXVIRUWKHLUILQDQFLDOVXSSRUW7KDQNVWR
0U 9LVKDO *DUJ 0U -LWHQGUDQDWK 1D\DN DQG0U 9LUDM - *RDQNDU IRU WKHLU DVVLVWDQFH LQ HQJLQH H[SHULPHQWV
$XWKRULVDOVRWKDQNIXOWR3URI0.*DMHQGUD%DEXIRUKLVYDOXDEOHVXJJHVWLRQVZKLOHSUHSDULQJWKHPDQXVFULSW
 M.S. Babu et al. /  Energy Procedia  100 ( 2016 )  203 – 209 209
5HIHUHQFHV
>@%DEX06&OHPHQW65DMDQ1.6%LRPDVVEDVHGJUHHQWHFKQRORJLHV3RWHQWLDODQGVXVWDLQDELOLW\%LR(QHUJ\,QGLD	±
$FFHVVHGRQOLQH
KWWSELRPDVVSRZHUJRYLQGRFXPHQW0DJD]LQHV%LRHQHUJ\0DJD]LQH015(,VVXH	-XO
'HFSGI
>@%XWWHUPDQ+&&DVWDOGL0-&2DVFDUERQQHWUDOVRXUFHYLDHQKDQFHGELRPDVVVJDVLILFDWLRQ(QYLU6FL7HFK1R±
>@0XNXQGD+68QGHUVWDQGLQJFOHDQHQHUJ\DQGIXHOVIURPELRPDVVVWHG1HZ'HOKL:LOH\3XEOLFDWLRQV
>@ 5DMYDQVKL $. %LRPDVV JDVLILFDWLRQ DOWHUQDWLYH HQHUJ\ LQ DJULFXOWXUH 9RO ,, (G ' <RJL *RVZDPL &5& 3UHVV )/ S  
$FHVVHGRQOLQHKWWSZZZQDULSKDOWDQRUJQDULSGIBILOHVJDVERRNSGI
>@(QHUJ\6WDWLVWLFVUHSRUW0LQLVWU\RIVWDWLVWLFVDQGSURJUDPLPSOHPHQWDWLRQ*RYWRI,QGLD1HZ'HOKL0DUFK
$FHVVHGRQOLQHLQ0DUFKKWWSPRVSLQLFLQ0RVSLB1HZXSORDG(QHUJ\BVWDWVBBPDUSGI
>@$VKZDQL..XPDU..DXVKLN16KDUPD60LVKUD65HQHZDEOHHQHUJ\LQ,QGLD&XUUHQWVWDWXVDQGIXWXUHSRWHQWLDO,QW-5HQHZDEOHDQG
VXVWDLQDEOHHQHUJ\UHYLHZV
>@7%5HHG$'DV+DQGERRNRIELRPDVVGRZQGUDIWJDVLILHUHQJLQHV\VWHPV6(5,5HSRUW&RORUDGR
>@7RUX1<XWD:$VWXG\RIVWRLFKLRPHWU\ELRPDVVJDVHQJLQH6$(WHFKQLFDOSDSHUV
>@*U]HJRU]/7RPDV].-DFHN&$VRN.60LURVODZ:&RPEXVWLRQSURFHVVLQDVSDUNLJQLWLRQHQJLQHDQDO\VLVRIF\FOLFSHDNSUHVVXUHDQG
SHDNSUHVVXUHDQJOHRVFLOODWLRQV,QW-RI0HFFDQLFD ±
>@-RKQ%+,QWHUQDOFRPEXVWLRQHQJLQHIXQGDPHQWDOVQGHG7DWD0F*UDZ+LOO
>@&ROLQ5)$OODQ7.,QWHUQDOFRPEXVWLRQHQJLQHQGHG$SSOLHG7KHUPRVFLHQFHV:LOH\3XEOLFDWLRQV
>@ 6ULGKDU* 3DXO 3-0XNXQGD+6&RPSXWDWLRQDO VWXGLHV RI WKH ODPLQDU EXUQLQJ YHORFLW\ RI D SURGXFHU JDV DQG DLUPL[HU XQGHU W\SLFDO
HQJLQHFRQGLWLRQV3URF,0HFK(9RO3DUW$-RI3RZHUDQGHQHUJ\
>@6KLYDSXML$0'DVDSSD6,QIOXHQFHRIIXHOK\GURJHQIUDFWLRQRQV\QJDVIXHOHG6,HQJLQH)XHOWKHUPRVSK\VLFDOSURSHUW\DQDO\VLVDQGLQ
F\OLQGHUH[SHULPHQWDOLQYHVWLJDWLRQV,QW-+\GURJHQ(QHUJ\±
>@0DUHN)*U]HJRU].7KHDQDO\VLVRIHQHUJ\FRQYHUVLRQHIILFLHQF\LQ6,HQJLQHVIRUVHOHFWHGJDVHRXVIXHOV6$(WHFKQLFDOSDSHUV

>@06%DEX6&OHPHQW1.65DMDQ'HYHORSPHQWDQGWHVWLQJRIDODERUDWRU\VFDOHLQGXFWLRQV\VWHPIRUDERWWOHGSURGXFHUJDVIXHOOHG,&
HQJLQHV,QW-RI$SSOLHG0HFKDQLFVDQG0DWHULDOV±
>@6ULGKDU*6ULGKDU+9'DVDSSD63DXO3-6XEEXNULVKQD'15DMDQ1.6*UHHQHOHFWULFLW\ IURPELRPDVV IXHOHGSURGXFHUJDVHQJLQH
3URFHHGLQJV RI WK(XURSHDQ%LRPDVV&RQIHUHQFH DQG([KLELWLRQ%LRPDVV IRU HQHUJ\ ,QGXVWU\ DQG FOLPDWH 3URWHFWLRQ 3DULV )UDQFH

$FFHVVHGRQOLQH
KWWSFJSOLLVFHUQHWLQGDVDSSDLPJSGISDSHUV*UHHQ(OHFWULFLW\IURP%LRPDVV)XHOOHG3URGXFHU*DV(QJLQHSGI
